ABSTRACT
INTRODUCTION

32
Upland cotton (Gossypium hirsutum L.) yield is compromised by water-deficit stress in 33 multiple ways. As water becomes limiting, stomatal conductance decreases, resulting in a 34 decrease in photosynthesis. The decreased photosynthetic rate in turn decreases the 35 production and metabolism of carbohydrates, leading to a reduction in plant growth and fruit 36 abscission [1] . The effects of water-deficit stress in crops vary with the severity and duration 37 of the stress, plant growth stage, and genotype, as well as the interaction between these 38 factors [2] . Cotton yields in the U.S. have shown great variability across the recent years [3], 39
and this year-to-year variability might be attributed to differences in plant genetics and 40 physiological responses to environmental stresses throughout the season [4] . 41
Upland cotton uses an array of mechanisms to alleviate and survive water-deficit stress, 42 such as increased activity of antioxidants, heat shock proteins, accumulation of osmolytes, 43 and osmotic adjustment; however, due to domestication and cultivation as an annual crop, 44 modern cotton cultivars differ in their ability and level of tolerance to a water-deficit period 45 [5, 6] . 46
Stomatal closure and increased mesophyll resistance occur shortly after the onset of water-47 deficit stress, decreasing CO 2 absorption used in the photosynthesis process [7] . Under 48 severe water-deficit stress, photosynthesis is also impaired by nonstomatal factors, including 49 a reduction in carboxylation efficiency, which leads to an excess of absorbed light energy in 50 photosystem II (PSII). This could result in damage to the photosynthetic apparatus through 51 increased production of chlorophyll triplet if excess energy cannot be properly dissipated [8] . 52
Due to the sensitivity of photosynthesis to water scarcity conditions, the photosynthetic 53 efficiency of plants under water-deficit stress has been used successfully as an indicator for 54 tolerance [9] . Chlorophyll fluorescence is a fast, precise, and non-destructive measurement, 55 with a positive relationship between the actual quantum yield of PSII and the quantum 56 efficiency of CO 2 fixation [10] . In cotton plants, chlorophyll fluorescence has been 57 documented to decrease in plants grown under water-deficit stress conditions [11, 12] , 58 decreasing photosynthetic rate and sugar production. 59
Additionally, the quantity and activity of photosynthetic pigments are affected by low water 60 availability. 
Statistical Analysis
198
The experiments were arranged in a strip plot design with water treatments running across 199 all blocks in strips at Lubbock and a strip split plot design with water treatments as the main 200 unit running across all blocks in strips in a randomized complete block design and the 201 cultivars were randomly assigned in the sub unit for each whole plot in each block at 202 Marianna, with five replications for the two sites. Data were subjected to analysis of variance 203 using JMP Pro 11 (SAS Institute, Cary, NC (Table 1) . However, stomatal conductance was significantly affected by water regime (P 215 = .01) and sample date (P = .01) separately. When stomatal conductance results were 216 combined from all cultivars and sample dates, the rates were significantly lower for the 217 water-deficit stressed plants than the well-watered control (Table 1 ). For the effect of sample 218 date, leaves collected on July 25 had significantly higher stomatal conductance rates than 219 the leaves collected on July 18 (Table 1) . 
Asterisks indicate significant effect of the main factor or interaction between the factors according to Tukey's HDS test at P = .05 225
For the Lubbock site, there was a significant interaction between water regime and sample 226 date (P = .001) on stomatal conductance (Fig. 3) . Leaf stomatal conductance of plants 227 measured on July 2 (one week after the onset of the stress) did not differ between the water-228 stressed and well-watered control treatments. Additionally, they were lower than the plants 229 measured on July 9 (two weeks after the onset of the stress), regardless of the water 230 regime. On the second sample date (July 9), water-deficit stress reduced leaf stomatal 231 conductance compared with the well-watered control (Fig. 3) . 232 233 234
Fig. 3. Effect of the interaction of sample date (July 2, one week after the onset of the 235
water-deficit stress, and July 9, two weeks after the onset of the water-deficit stress) 
Concentrations of Pigments
295
In addition to the quantum yield of PSII and electron transport rate, photosynthetic pigments, 296 such as chlorophylls a and b, and carotenoids are essential for maintenance of the 297 photosynthesis process at high rates. Chlorophylls a and b were significantly affected by 298 cultivar, water regime and sample date ( Table 1) . Concentrations of chlorophylls a and b 299 varied among the cultivars, with ST 5288 and PHY 499 showing higher concentrations of 300 these pigments than DP 0912. Low water availability for plants is known to cause 301 degradation of pigments in the cells. The concentrations of chlorophylls a and b were lower 302 in plants grown under water-deficit stress compared with the well-watered control. 303
Concentrations of these pigments were also affected by sample date, with significantly 304 reduction in concentration on June 25 in relation to June 18 (Table 1) . 305
Chlorophyll a concentration was significantly affected by the interaction water regime x 306 sample date (P = .04) ( Table 1) . Regardless of cultivar, chlorophyll a concentration was 307 decreased by water-deficit stress either on June 18 and June 25 ( lower concentration of the pigments in plants under water-deficit stress, the quantum yield of 316 PSII and electron transport rate were maintained to similar rates found in well-watered plants 317 (Table 1 and Fig. 4 ), which might indicate that the cotton cultivars studied were able to 318 maintain photosynthesis process at lower concentration of photosynthetic pigments present 319 in the cells. 320 for the photosynthesis process [13] . Carotenoids concentration was significantly affected by 333 cultivar (P = .01), water regime (P = .001) and interaction cultivar x sample date (P = .03) 334 (Table 1) . Regardless of water regime and sample date, ST 5288 showed the highest 335 carotenoids concentration, followed by PHY 499 and DP 0912 with the lowest concentration. 336
In addition, carotenoids concentration was lower in cells of plants grown under water-deficit 337 stress compared to the well-watered control, regardless of cultivars ( . In our study, significant increase in activity of the enzymes SOD, 369 CAT, and APX was detected in plants grown under water-deficit stress (Fig. 7) . Water-370 stressed plants showed a 4-fold increase in SOD and 10-fold increase in CAT activity, 371 compared with the well-watered control plants ( Fig. 7A and B) . Ascorbate peroxidase activity 372 was approximately 57% higher in the plants grown under water-deficit stress (Fig. 7C) 
CONCLUSION
390
Leaf stomatal conductance and pigments concentration of all cotton cultivars were sensitive 391 to water-deficit stress at the squaring development; however, photosynthetic efficiency was 392 not responsive to the stress, maintaining similar rates on stressed and non-stressed plants. 393 Actual quantum activity of PSII seemed to be insensitive to water-deficit stress, preventing 394 impairment of leaf photosynthesis. Increased antioxidant enzymes activity of water-deficit 395 stressed plants appeared to be associated with scavenger of free radicals as a mechanism 396 to withstand the stress period. ST 5288 and PHY 499 seemed to have improved tolerance to 397 water-deficit conditions than DP 0912. The knowledge of more tolerant cultivars to drought 398 stress assist producers to select the most appropriate cultivar for their location. However, 399 further research is needed on physiological traits related to drought at the reproductive 400 development of cotton to evidence tolerance of these cultivars. 401 402
